Introduction
The movement of the fetus in utero is detected by the mother or alternatively by real-time ultrasonic B-mode scanning, but these are subjective. Objective recordings have been performed using tocodynamometry and other techniques, but these methods are not sufficiently sensitive. An objective and sensitive technique to record fetal movement has long been sought. The present report deals with a new ultrasonic Doppler method which gives an objective, sensitive and continuous recording of fetal movement of CTG chart [1, 2] . We also report the results of the computer processing of these movement signals.
Materials and methods
The method is based on the detection of those ultrasonic Doppler signals which are of high amplitude and low frequency and are produced by fetal movements. The ultrasonic transducer is placed on the mother's abdomen overlying the fetal thorax at the point of detection of the fetal heart. Hence, the ultrasonic probe detects both fetal heart action and fetal movement at the same time. The Doppler frequency of the movement is lower, and the fetal heart signal is higher than 100 Hz, when the ultrasound frequency is 2 MHz. These two signals are separated from each other when an appropriate band-pass filter is inserted into the circuit. The movement signal is detected with a 20-80 Hz band-pass filter when the ultrasound is at a level of 2 MHz. The fetal heart signal is detected with a low-cut filter of several hundred Hz. The Doppler movement signal is converted into deflections and recorded on the CTG chart. Mother, Fetus and Newborn" in 1989. Fetal heart rate (FHR) is recorded simultaneously with the movement signals.
The electrical output of the fetal actocardiograph, that is the record of fetal movement and FHR, is inserted into an analog-digital (AD) converter and a PC98XA computer. This displayed some of the original signals in the simple initial study, and also shows the results of advanced computer processing in the present one. Simple statistics of the amplitudes and intervals of the deflections, and also the histograms of the frequency and number of the intervals between deflections, and an envelope curve of the deflections was analysed. The fetuses were mainly in the 3rd trimester of pregnancy, and several normal as well as high-risk cases were studied.
Results

Visual analysis
The characteristic deflection of the alternating rotational movements of the fetal trunk in the 3rd trimester of pregnancy similar to those visualized with a real-time B-mode device were seen. The burst-like grouping of fetal movement deflections which are associated with FHR accelerations is frequently observed with these fetal movements, namely in the active fetal state ( figure 1 ). This active state is easily differentiated from the resting state of the fetus when neither fetal movement bursts are observed nor is FHR acceleration recorded. Fetal hiccups are not infrequently recorded and considered to be a physiological fetal phenomenon. Fetal well-being is determined by the frequent appearances of acceleration of the FHR which are concordant with fetal movement bursts.
The fetal actocardiogram has been used in the behavioural investigation of the fetus. The development of fetal activity was studied longitudinally during pregnancy, and the changes were noted in the number of movement bursts, the ratio of the FHR acceleration to the burst number, the amplitude of the acceleration accompanying the movement bursts and the pattern in each week of pregnancy during the 3rd trimester. Standard curves with normal ranges were obtained. For example, it was found that the number of fetal movement bursts increased after 22 weeks, and they were maximal at about 35 weeks of pregnancy. In twin pregnancy, the actocardiograms were recorded simultaneously on a single chart by employing 1 and 2 MHz ultrasound. In some instances, the twins showed active states at the same time, though in most instances one fetus was active and other resting. The independence of the behaviour between the twins was estimated.
The actocardiogram also indicates fetal distress, particularly that due to hypoxia. High-risk cases including intrauterine growth retardation (IUGR), preeclampsia, etc., showed consistently lower values of fetal movement, sometimes at a value lower than the lowest range. Particularly, severe cases of IUGR who exhibited signs of fetal distress within a few days of the record, had shown highly abnormal values, especially in the amplitude of FHR acceleration which accompanies the movement burst. An IUGR case, for example, showed frequent fetal movement, however, no FHR acceleration was recorded. Two days later, severe FHR decelerations were demonstrated and fetal distress was diagnosed. A Caesarean section was done. Another case of IUGR at 31 weeks showed movement bursts but no FHR accleration. Instead, a long deceleration was noted on the FHR record. The fetus showed continuous bradycardia after the record was completed, and was delivered by Caesarean section. Hence fetal actocardiogram which shows no FHR acceleration when multiple movements bursts occur indicates that fetal distress is imminent. Obvious fetal distress which was observed during fetal hypoxia showed disappearance of the fetal movement signal. When this change was continuous and sufficiently long, and the FHR abnormality was clear, then the state was easily differentiated from a resting state of the fetus.
Computer processing
Although the value of the fetal actocardiogram has been confirmed from visual analysis, we planned to study the computerized analysis of the movement signal further to achieve more objective results. The actocardiographic signals were thus stored on a floppy disk and analysed with an offline technique. The primitive display of fetal movement deflections, uterine contractions, instanteneous movement rate and that of movement bursts demonstrated the active and resting states more clearly than was apparent on the original record. Simple statistics of the wave showed that the value for the amplitude, of the standard deviation and the coefficients of variation were increased in the active state. The burst intervals showed the same tendency as the amplitude.
The intervals between the deflections were analysed with 3-dimensional display of histograms showing the interval number. The histogram ranges were 25 or 50 intervals and 10 or 15 sec. Since signals which were lower than 0.1 V were regarded as noise, only voltage levels above 0.1 V were included in the histogram. The histogram of the active state showed a wide distribution of the peaks which persisted until high amplitude and Fetal breathing movement were confirmed using real-time B-mode scanning, and were also recorded on the actogram. The number of deflections was usually twice that of the number of breathing movements on the B-mode display. About 80% of the breathing was recognized on the actogram. This was characterized by moderately low, but uniform and frequent deflections. The interval histogram showed these peaks to be at low voltage steps, but the voltage was higher and there were more peaks than occured during the resting state. The peaks of the movement deflections were joined and an envelope curve was obtained by the use of computer processing. The envelope curve was concordant with the movement burst when the fetus was in the active state. No envelope curve was obtained in the fetal resting state, and the result was completely flat. Fetal breathing movements produced a flat but elevated line in the envelope, and the level was higher than it in the resting state.
Summarizing the computer processing, we found that during the active fetal state there were the amplitude of the deflections as large as were the coefficients of variation in the amplitudes and of the intervals, multiple histographic peaks and clear envelope curves. During the fetal resting state the smallest values of all parameters were demonstrated, there were no peaks in the histograms, and no envelope curve. Fetal breathing showed higher values than during the resting state, and the interval histogram as well as the envelope showed a characteristic pattern.
Conclusion
The ultrasonic Doppler fetal actocardiogram is useful in studies of fetal behaviour, and computer processing is a promising technique for automatic recognizing different fetal behavioural states. Imminent fetal distress is clearly diagnosed in clinical management of late pregnancy and the labour.
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Abstract
Gross fetal movement was detected using a lower frequency ultrasonic Doppler shift than that used in the study of fetal heart action. The movement signal was changed into deflection which was recorded on CTG chart simultaneously with the fetal heart rate (FHR), and was called the fetal actocardiogram. Visual analysis of the actocardiogram showed bursts of active fetal movements in the active fetal state which were concordant with acceleration of FHR. The analysis was useful in the study of fetal behavioural states. Imminent fetal distress produced a loss of FHR acceleration which was accompanied by a burst of fetal movement, i. e. a true non-reactive state of the FHR. The output of the actocardiograph was analysed using a PC98XA computer with a simple statistics of deflection amplitude and interval, displayed as 3-dimensional histograms of the number and frequency, and the formation of the envelope curve of the deflections. The study demonstrated that it is possible to recognize fetal behavioural states automatically. This includes active and resting fetal states as well as fetal breathing movements. 
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